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Tl - Method for depositing tungsten nitride film and tungsten film 
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PN - KR2003001744 A 20030108 DW200339 H01L21/203 001pp 
PA - (HYNI-N) HYNIX SEMICONDUCTOR INC 
IC - H01L21/203 

IN - KIM PS 

AB - KR2003001 744 NOVELTY - A method for depositing a tungsten nitride film(WNx) and a tungsten film 
is provided to restrain a line peeling by depositing the WNx/W film at a high temperature, thereby 
reducing a resistivity and a stress of the WNx and Wfilm. 

- DETAILED DESCRIPTION - A tungsten nitride(WNx) film is deposited by supplying mixed gases of 
Ar and N2 in the stepper chamber having a tungsten target(11). Then, a tungsten film is deposited on 
the WNx film by supplying Ar gas. At the time, the WNx and W film are deposited at a high 
temperature higher than 150deg. C. Also, the deposition pressure of the WNx and Wfilm is 1-40 
mTorr. 
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f> 3 4 £ $ t ^-1 * ej ^ 7 1- ^ f- cfl ^ o J- s|. e ! o 6 ^ 9 o 6 J: 



(74) cfl&joi 7 0 v^.^. 



(54) |^(WN x)H| 5] ^^^1(W)H>21 « 0 >^ 



-g- WNx/W^3 ^^^1^ (stress)* ^ ^ ^ ^ ^ (line peeling) <H1 cfltb ^*fl 51 4 

^ ^j-^ ^ WNx ^ W nVo^ ^ ^ofl ^ o_^, ^^^] E^^J-i: ^m>Y ±ii\B] *»t*HH *1 Ar4 N 

2 7f^f- *-g"*>^ WNx^lf ^1 N 2 7}^ ^^31 Ar 7}±^ ^» 

W nV^ §3V^^ *V^oj} olo]/^ ^ WNx^^ W^ V * 150TC°l^oj £r£°iH f^*r^ 3* ^ 

£ 2 

a}] 0 ] a ] 

WNx, w, e^, 

JE *eflS] WNx D 4 gj W^* ^^*r7l t_V T^t M^\H 

£. 2^ £ ^ofl S]« WNxSj- gj WSM- §A v o}-7l «ttJS] ^# M-Ej-\fi 7H^^ 
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£3^W ^av ^r£°fl ttj-g. WNx^ 9i XRD ^4* M-^'fi H^flH 

£ 4fe W ^ ^£°fl ^ WNxfflS,^ Rs ZLBflH 
5fe W ^£°fl i*W WNxAVSl 4^\S 32flS 

£ 7£ W S.S. ^ WNx/W^ il^i ^J-i- q-^vfl nsflS 

£<3S1 ^ cfl«" 41*3 

21 : E ^<a 22 : #^1^ 
23 : 

£ ^*r3 Tfiom ^ ^ U <^H 4*1 ^i^(W)Sl S^S* S<>1^1 a^*V WNx^ 

oj^.^^ B3- £ *)l ^>2l ^£7} feo^ofl rq-e)- 7fl°lJ= ^ #^Sr *^1 TflolB 7.^1 ^7>t!"4. 

^71$]- ^ TflolS ^7 r ^r 4i* r S] i3l)H (speed)* ^l^^l ^fl ^ t ^- 

0}eH o)el?t ^*)]* ^4*>7l Tflol e ^e) ^3€-( P oly Si)^^ 1^aHH(W polycid 

e)(Wsix/poly)3-3 ^«r°l i^^^U. A 1«- 33 *1 3§ (sub quarter micron) <>l*r 5} 4^HWtt =L \£.v] (o 

rder)°W3 ^-fr ?Hr ^A^. 

#etA>olB -ae)€- Tflc-le 95 or 30sec7r*l fc^^S* 0.15/ai)°M 1.6£/?5l Rs&-§- # 

^ ^ ^Ml^fl ^HKmetal) ^^O.S.^ #3^1 ^^S^. 

-^714 TflolS ^ofl A>-g-5)^ 400r ol^-5l £5L°lW H± (oxygen) <H1 ic*^^ ZL S^l WO 3 °1 <$ 

9= 3«fl 7}^ Jfs] ^ ^^cf. 

T$±$\-$r f^th ^ 7l# ^V4i T-l-g-^-^ (oflt- ^ HLD^" ^fl^SKreoxidation), 'H^ (anneal) ^) 

D.e]jL Tflol^ ^o.^ B^^/^e] ^fl-g-w- 600°C°R V 3 ^H^a^ t^I^^aI bJ^^! ^ 3} a>o] h (Wsix) 

7}- ^AJ^^-. #sl -Sels. 1 -!! 0 !! AJs)€- €7}S) 3^1 7^1 ^(diffusion coefficient) 7> ^^Hl «l«fl S7] nfl^r'Hl 

o_S_ ^gfl 1-^7)-^ -ge)^- 9! #^^(net flux)^ ^-gr ^ €^>^ ^>*^ #^^(counter flux)^ 

?1^, TflolS A>-§-El^ T^m^ <^1** 71 ^^S. «7>7> ^^^1 

li'aBV^u)-^ (vacancy) °1 ^aJhIjt 4^ ^tfl* xjul-^7,-1 ^.o!H(void)S. ^^tf. 
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oj-i- *$x]t>}7] WNxHj-4 ^£21 HflS^cH (barrier) ^.2.Sr<}. 

i l£ ^aflS] WNxSf °A ^ V *V7l *»tH3 ^-2:1- M-Ef^H 7l]3i£o|r+. 

-£ l^HSl- 7 J-°1. E}-^ (target) (11)* ^tr ^ *«t±HH cU (1 2) ^Hl SIM^l (13)* -frs}^* A 

r N 2 7 r: ^-f 3)- «1 (power)* <y7 r o}o=| Bl<5>!E]tL Ei ^ (reactive sputtering) °fl 3 s}] ?fl o) 5| ( ! 3 ) °] o)) 

WNx D 4t ^tb^. 

oittfl WNxHt-tfls] ^ sv^^ n 2 *^°1) tq-e]- 'SSrSf^ < a^^* **V<H %A *J 

S^Hj-LflSj ^3 ^^71- 1%^$LS- ^?S\°\ Wsix7} 0 J<^u)-^ o|£S. ^± SV^=-g- 7 >^1 Hf^* S^Sl] o> # 

BEt, 3*1 ^1^^ A o v EflS. =5^ v *Hr 3°1 -n-altrcll a °l-fKr S) ^ ^ ^7)1^ (grain bounda 

ry)# f-S><^ #2-1 ^eJ^S) ^3 ^*). 7 }. ej^o^o] s^j-oj -g-olsl-71 nfl-g.014. 

°M, A o v 7l WNx^-i- f^ v *r ^-°J «»H^ Ar 7}-^* 3^-st-Jl 4^11- °j7f^c,j WNx5, u 0 H] W D 4t f^ v tr£f. 

A o v 7l 2]- ^--S- WNx D 4 ?J WE|2] §^ " 0 v^<Hl^ >a- 0 J fl«HM WNx4t f 1 *, ^ € U >S W^lt ^ (in-s 

itu deposition) 0 ! 5U^°1, tr *JaHH WNx^* ^^jl, ^uHW W^"* f^r-cr (separate deposit 

ion)°l 

tb^. °J-^4 WNx/W ^°o Vl 3* tb ^^Hl-M WNx^sf W5|* §^ v *)-7l «l)^r<H| ^j^jolEl WNx/W f^ H o v, ?Ml «l 
*H ^"d°IH *el*r4. 

WNx^i- ^ W5f2] f^ A l ev^-g: ^-8- f^l «fl - % ^ ^1 (beta - W) * 7 r ^l ^^^<=>] 

^7] beta-Wfe °M iE)|o|| Ej^^l A o v (meta stable w phase) W^S] -S-^-i" *2 7-1 

^^S)- ^£7} <y-^ A o Vo J ° S V5 r E ^<a (alpha W) <>fl ^1 sfl ^<>1^i- 7f^]C r . 

ctJ-EM beta WS] ^P-S-I- 71-3! ^^-(ot 95.7^ _ cm )* alpha W21 Hl7-]%T-(°}= 9-20i3 - cm) <H) «1 «H 4«H °1 

-^-714 ^--g- ^BflSl WNxeJ- WHf£l ^^"Hl SJ^^-l C+-S-4 ^--Sr -S-tII^o) SiSicf. 
Rs ^% Vo l ^7f*fi ^^>°] ^31 E. 'A -s\ *^11" -n-t^cf. 

1-9)1, WNx^/WSj-Sl i:S5)|i7f feo]. Tllole 7^°- *%^*\7\ g\n A 1 ^ ^ Sl-°]2] CD7f 3f7)l ^ 3f°J (define) « ^ 
-f (peeling) 7f^^o) i-c}-. 

-2- t 1 ?^ ^712)- ^efl£] S-^l^* n^*}7] %n 0 J-#?}- ^^s. WSfS] H^^iir efl i (stress) 1" 7-] 
*o V 7j-i ^ Efo] ^^(line peeling)^ cfl ^ ^1 JtSf* 5>£* tr WNx U A W^S] ^^-i" ^113*1-^^ nr ^-^o) 
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11"^ 21 --^ "A 4-§- 

av 7 1<4 tfA q.*)* *>8*h7l fl« €■ WNxtif ^ W42] ^4 431* #4* 

^ ^ ^ ofl A r4 N 2 7 r i» ***H WNx D 4i ^44^, 47l N 2 7>^2] * Ar 4^J* 

BfloflAi °J444 W4* ^44fe 41H1 $Z°H, 47l WNx D 44W^ *4*1 150r<>l^ -SrH^H f^o} 

te 3* *3.2.S. €4. 

£*V ^44 2£ 43* t^44 3€ £ tt'SH 3« WNx4 g wnV^ ^zV^£ 44* i^Ej 

^^'oflAi ^ Ar4 N 2 7>il WNx^lt ^44^. 471 N 2 7 r i3 ^* ^#42. Ar 7>^4* * 

43H4 4fl* <?l7>44 W4* ^44^r 4>?H1 5S44, Aj. 7] W Nx44 W4* ^4*1 Ar 7^t 1 - 40mT 
ori #3 IS. ^44^r 5* 44-5.3. 44. 

o1§> r:^ %3LZ}ol £ 34 WNx D 4 « W43 ^4 ^# tfAfl*] 4*4 44. 

£ 2^ 4 34 WNx4 « WSlf ^4471 34 ^43 ^S* 44 vd? 7fl=i£olcl-. 

£ 2°J144 4*1 431 (target) (21)* 444 ^3 ^4°fl4 «M*(tIMS 444 « *3 43^4°1 ^ 

dol 53 (22) 7f ^s]Bl *$*\2\ l-<H7}7fl 44 ejSS. <H^*3(lift assembly) °fl 2l*fl 1-4*44jL o]^ 

*3]o]H(bLle)(*IM4« **\& **Mfe 71^)7} «^«fi 4444*4 *1 3(23)7, *444 314^(22)* * 
4*4 44. 

3:4, ^43 *44 4*14(22)4 *lEK23)7i*fl (backside) Ar 7>i» *44 43 (23)21 *517V 

3Ms)(22)°fl 444 E-4 44. 

ZLeloL ^ ^44 mTorrSl 43°1 34 *M4(22)3 4 2^4°fl 44(23)3 *5L4 4*1 €4. 

o]^, sHR* ^444 Ar4 N 2 7>i» *iHH <44(Z2)fl*ll WNx4* 3°-*i4±i ^44*3 ^SLS. ^444. 
H^JL N 2 7^3 ^44±L Ar 4i4* *lr4 43H4 4^» «7>*H W4* ^tt. 

£ 3^ W ^ *r«- WNx D 4 11 W^21 XRD ^ «4» 44\fl a2flS<=-14. 

£ 3°M ^£7> 150lC°ttMH WNxAV^Sl beta W<K|-M alpha WS 4«4. *£7> 

150r«l*2.S. f7}^^ ^£7> *7>*^| alpha W2l ^ ^ 3 (peak) «?1 W(110)2] 3^3 ^7l 

(peak intensity) 7> ^7>?1:4. 

i6fl/3q(*&:R.T.)4W 5i2/sq(150-C)<=>l^ ^^^1 #^\°\ ^ ^1 W 
^V^, ^ £ £ f7H o^^ beta W°flAi alpha WS ^M^l*fl 2]^fl €421 

I4^W ^4 ^£1 WNxAV42] Rs ILSflH^m. 

£ 7^ol I50r*l^2) ±5LW 350*C44 ^l^^S W2] ^^4^^ °l^^r W2l «^ ^( 

grain growth)^ ^ ^^^o] «^^7fl7> *i*h«AI »^Slt ^4^7} 

*4. 
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£. 5«flH4 7 e V °1. W ^7}*}^ WNxAVS] ^e^^c T^-fc^ 7,-J-g- ^ oluf. 

^- °]-n-& ^-£7]- ^7Kt-^^ 7)J2-<H1 W -^7}7l- 'g^ui^l- ^u))<g5]^A-l ^Tj^Sj-S}- ^^]-olo) ^.^ 

51 ^S}-7]- ^-i^-ofl 44 5)1^7). 7^±S}7) nfl-g-ojc}.. 

£. 6£ ^VlM a|.^. ofl^ Hj-Sj-oJ ^e^lr^ £Sr# 44>d! J2 2H = °14. 

ojuj.^ 0.3. ^gjEi a|nVo| ^ o^ (zone model ) ofl^ ulHSfl ^ oj^ 0 , ^ <g (columnar) f^Sj # If 

2:7f o| ^-2:^ \££ «Ul-§- ^b] jl ±lej|i(tensile stress)* 4-b4. 

-y-^ofl^l^ °l ?27} ^13^ oflui^l 3}-E}# o] ^M-HS. W n.-ofl Ar -^(incorporation)^ 7\ 

?J4. 7|3a-£] Ar 7>i5] <&<y^°l ^"HM-^ 44 ^4°114 ^15. 4^4 U>n>o| ci ^<Ht4^ 4°S 7]^°1| £)«JH 
^ 4, 44 ^S.el|^7V ^71-^711 ?lc]-. 

£ 6°1H2)- 4<4 WS] £i °J-§j£- mTorr(l - 40mTorr) <HH 4<§S]F-3. ^ 44 ±^}±^: 4tt4. 

4^, W4°l <>HHH ±lel]iS 4447] ^1*V Ar 7fi£] <^3j4 4 40mTorr 4^°l:n, r^Ei^ 3 
4 W43 #} ± m. uj-*7l ^sflA^ ^ a ova)^ ^7^1?)^ 4"?)4 44. 

.E 74 W 4§H) 4€- WNx/W4^ iUHii 44>dl J3.sfl5.44. 

j£ 7cH|Ai£i 7j-o] t W ^s. 434 7l^(2.8mTorr)->l]Ai ^7 r Al7]°3. ±^\± 7 } 44^1rr T^-g- oj. - oicf 

43 ±mt\}±7\ HV ^-^(film adhesion)^] 44 7j °- Sl^-g- ^^-^cfl ov^ ^Egfl^j- # ^-f l^e)^ 

44. ^4 ^ ^^^-^.S ^^ v «l-^t-i] ^Sl-svo] ^eefl^o] p S s-^m-o] we|°l fe^- °J-% 

<4 flHe}°Js] tut}- ^Tfl j: :E]-7 r °lcf. 

^^D. WNx/WSV =§^4 Ji^- f^(150t°l A o v )t **><H ^ 0 J-^ A o Vo J beta W»1W °J-^^-°J alpha aj-ev^ ^-§-0. 

fat ^-1- ^ %m wnx/w^s) 7-1 - oic. 

-t^, WNxAV^^-7-l H-gr ^z!"# W «7 r 7HaH<g tg=^o]l 7H§1-HS. Afl^^sj.^ trfs. nl^nfl^l ( Iattice 

mismatch) ^± ^ ^?J-oluf #oj ^^)Jiai}-^ ol«|| ^-^2jo) ae^as ^oj ^ ojcq. 

471- SJ4. 

^1^, £3i tfef-g- ^7fAl7l^A-| ^3>-ej._o s WNxM'S) Ar % Vo J B o k Tj-dc^l 4* "S"^ ^^5)1^1- #°J ^ 

5U4. 
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(57) ^9 »S3 

E^-fr ^ulofl^ vfl^-ofl Ar32)- N 2 7>i» WNx^* ^«>i, A <M N 2 7>iSl § 



Et-Tjl-i; ^2)^1 fl^^M ^ Ml^l Ar4 N 2 7}if WNx^-i: ^ v *>Jl, N 2 7}±2) ? 

WNx^-4 WSj-* Ar 7>^-» 1 - 40mTor3 f^bfe 3# ^^-S *b^r WNx^ Si # 
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